¢

LAWRENCE
LIVERM ORE
NATIONAL
LABORATORY

LLNL-CONF-679201

Reproducibility of NIF#Hohlraum
Measurments

J. D. Moody, J. E. Ralph, D. P. Turnbull, D. T. Casey, F. Albert,
B. L. Bachmann, T. Doeppner, L. Divol, G. P. Grim, M.
Hohenberger, M. Hoover, A. Kritcher, O. L. Landen, B. J.
MacGowan, P. A. Michel, A. S. Moore, J. E. Pino, M. B.
Schneider, R. E. Tipton, V. A. Smalyuk, B. Spears, D. J.
Strozzi, K. Widmann

November 11, 2015

57th APS Division of Plasma Physics
Savannah, GA, United States
November 16, 2015 through November 20, 2015



Disclaimer

This document was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor Lawrence Livermore National Security, LLC,
nor any of their employees makes any warranty, expressed or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Reference herein
to any specific commercial product, process, or service by trade name, trademark, manufacturer, or
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States government or Lawrence Livermore National Security, LLC. The views and opinions of
authors expressed herein do not necessarily state or reflect those of the United States government or
Lawrence Livermore National Security, LLC, and shall not be used for advertising or product
endorsement purposes.



Reproducibility of NIF
hohlraum measurements

57t Annual meeting of the APS/DPP J. D. Moody, J. E. Ralph, D. P. Turnbull, D. T. Casey, F. Albert, B. L.
Bachmann, T. Doeppner, L. Divol, G. P. Grim, M. Hohenberger?!, M.

November 19, 2015 _
ozzi, and K. Widmann, Lawrence Livermore National Lab, [1]

— e Laboratory for Laser Energetics

A r— e,
— 5 T T TR

LLNL-PRES-XXXXXX

This work was performed under the auspices of the U.S. Department of Energy by Lawrence Livermore National Laboratory
under contract DE-AC52-07NA27344. Lawrence Livermore National Security, LLC



Goal: Estimate the significance of shot-to-shot
variations in hohlraum parameters

We consider the variation of Variation means:

several key hohlraum parameters

The large population
<€ Laser Ox € standard deviation

- Backscatter / CBET /uX\ The large population

average

Radiation Temp.

Additional parameters: Beam |:> Large population
propagation, X-ray conversion, wall

losses, wall blow-in, hot-electron
preheat, glint, re-amplification...

Measure this Infer this

We use exact statistics to determine confidence levels

for NIF shot variations using a limited sample
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We studied 15 shots from the “CD mix” shot series

15 shots using the Same laser and Trad Same capsule —
same hohlraum different CD layer

1137 p.m

4.um CD, 0-8um
Laser Inner Cone 1 from as shell
g400 b Laser Outer Cone \ Zgg g', 928 pm igntelrface
':' Laser Total a
g 300 Radiation Temp - 200
o + 150 9
o - 100 &
§ L g S Convergence ~15
- 1 o 11 £ 0.5 mg/cc T, gas
8Time [ns]1 6 24 Convergence ~20
0 i e 5.5 0.5 mg/cc T, gas

Other parameters are within the ignition spec
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The variation in radiation temperature and
laser delivery are approximately consistent

Laser delivery ranges within Radiation temperature
2 to 9% of request varies from 1 to 3%
500 —— R . 300 - 0.05
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= o 5 o
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Expect 8T,/T, = % dl ./l ,.; data is close to this. Differences may be additional error from the diagnostics
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Late-time backscatter fluctuations can lead to 10%
variations in laser power reaching the hohlraum wall

SRS late-time SRS backscatter > ~a 10%
backscatter variation in what reaches the wall
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We use simple approximations to convert the variation
in laser energy to variations in x-ray flux on the shell

QLRI EVEIEEEERULE  Mapping laser power variations to x-ray flux variations:
laser-spot x-rays SP
2

—z(2n-|—1)><%><ap2 X Sp,

0

Azimuthal  Albedo Smoothing
factor factor factor
A point on
S e Late-time 16 — 44.5
SRS Variation 10% 4% 5%
from a large
cone area At late times the wall albedo is ~ 90%. Estimate dP,/P,

to get

~0.7 % maximum variation in P,

Using the flux variation we can estimate the effect on shape
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We use the rocket equation to estimate that late-time
backscatter variations produce small late-time shape effects

X-ray flux causes the shell dR m(t
to ablate and implode I =V, (cm/s)= 107\/FR111{—()
mO

O, _10F
m(g/em®)=3x10"T, T, 4F
m(t)=m,—3x10°T:t
is gives: 247
For 0.007 &1/l thisis ~ 5 um Small effect

Late-time laser variations generate insignificant variations in the implosion shape

NYSE s



Early-time backscatter variations may have a larger effect
Use different hohlraum experiments for this study

Outer cone backscatter shows significant - SBS produces ~ 37%
variation at early time variation in laser power on
the wall

N150426-002 1.15mg/cc

« Flux variations reaching
the capsule estimated to
be ~2.1%

« First shock break-out time
varies by < 50 ps; shocks
1 and 2 merger location

" Timefns] varies by ~ 5 ym

=1 65k picket (Q36B)
= = «5BS Reflectivity=.685
=—1.37kJ picket (6 quad avg.)
- = «SBS Reflectivity=.355

.21k picket (9 quad avg.)
= = «3BS Reflectivity=.228

o

O =~ N W b 01 O N
T T T T 1

Incident Quad Power [TW]

Time [ns]

Possibly important effect

Early-time laser variations may generate noticeable variations in the implosion shape
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Summary

 Laser variations are consistent with variations in the hohlraum radiation
temperature

« Typical late-time backscatter variations are not important for shape at
stagnation

« Early-time backscatter variations may be important in affecting the break-out
time and merger time

» Future work will define a limit to the early-time scatter fluctuations for different
ignition hohlraum designs
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We use simple estimates to convert the variation
in laser energy to variations in x-ray flux on the shell

X-ray flux causes the shell Mapping laser power variations to x-ray flux variations:
to ablate and implode
| 16inners | 16-44.5° | 16-50°
Variation 10% 4% 5%

At late times the wall albedo is ~ 90%. Estimate 6P,/P,,
to get

~0.7 % maximum variation in P,

Using the flux variation we can estimate the effect on shape
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We use the rocket equation to show that late-time backscatter
variations produce negligible variations in late-time shape

X-ray flux causes the shell dR ¢
di s o, _15F
m(g/em®)=3x10"T, T, 4F
m(t)=m,—3x10°T:t
Integrating over time gives: Per mode -
egrating IVES- add Sqrt(3)
oF
OR =-750 um = (overestimate)
For 0.002 dF/F thisis 1.5 um Small effect

Late-time laser variations generate insignificant variations in the implosion shape
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We use a View Factor model to convert the variation
in laser energy to variations in x-ray flux on the shell

X-ray flux causes the shell Mapping laser power to x-ray flux requires
to ablate and implode complex calculations:

Must account for laser intensity, cross-beam,
absorption, geometry etc

Generate a matrix which maps laser power
variations to flux variations

75?/ . VF — ‘F’L L. Peterson 2012

Measured backscatter variations produce a
0.2 % maximum variation in Y,_; and Yy,

Using the flux variation we can estimate the effect on shape
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The early-time flux variation estimates are
based on View Factor calculations at late time

Early time ___|Result

Albedo ~ 90% (10 Albedo ~ 60% (2.5 4 x HIGHER contrast
photon scatters) photon scatters) at early time Early—time
10% fluctuations on the 37% fluctuations on 4 x HIGHER fluctuation backscatter
inners, 5% outers outermost cone; 4% on level )
the other 3 cones fluctuations must

reach ~ 100% to

0.04% fluctuation in Y,, 0.64% fluctuation in Y,, 16 x larger fluctuation

(estimated) at early time affect shock-timing in
< 1 pm fluctuation in < 20 ps fluctuation in a significant way
implosion shape the first shock Break-

out time

Early-time laser variations do not generate significant variations in the first shock break-out time
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